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NATIONAL FOREWORD 


This Indian Standard (First Revision) which is identical with ISO 7096 : 2020 ‘Earth-moving 
machinery — Laboratory evaluation of operator seat vibration’ issued by the International Organization 
for Standardization (ISO) was adopted by the Bureau of Indian Standards on recommendation of the 
Earth Moving Equipment and Material Handling Sectional Committee and approval of the Mechanical 
Engineering Division Council. 


This standard is being revised due to the revision of base standard of IS/ISO 7096 : 2000. 


This standard will supersede ‘IS/ISO 7096 : 2000 Earth — Moving machinery — Laboratory evaluation 
of operator seat vibration’. 


The text of ISO Standard has been approved as suitable for publication as an Indian Standard 
without deviations. Certain terminologies and conventions are, however, not identical to those used in 
Indian Standards. Attention is particularly drawn to the following: 


a) Wherever the words ‘International Standard’ appear, referring to this standard, they should be 
read as ‘Indian Standard’. 


b) Comma (,) has been used as a decimal marker while in Indian Standards, the current practice 
is to use a point (.) as the decimal marker. 


In the adopted standard, reference appears to certain International Standards for which Indian Standards 
also exist. The corresponding Indian Standards, which are to be substituted in their respective places, 
are listed below along with their degree of equivalence for the editions indicated: 


International Standard Corresponding Indian Standard Degree of 
Equivalence 

ISO 2041 : 2018 Mechanical vibration, IS/ISO 2041 : 2018 Mechanical vibration, Identical 

shock and condition monitoring — shock and condition monitoring — 

Vocabulary Vocabulary 

ISO 8041-1 : 2017 Human response to IS/ISO 8041-1 : 2017 Human response to Identical 

vibration — Measuring instrumentation — vibration — Measuring instrumentation: 

Part 1: General purpose vibration meters Part 1 General purpose vibration meters 

ISO 10326-1 2016 Mechanical IS/ISO 10326-1 2016 Mechanical Identical 

vibration — Laboratory method for vibration — Laboratory method for 

evaluating vehicle seat vibration — Part 1: evaluating vehicle seat vibration: Part 1 

Basic requirements Basic requirements 

ISO 12100 : 2010 Safety of machinery — IS 16819 : 2018/ISO 12100 : 2010 Safety Identical 


General principles for design — Risk of machinery — General principles for 
assessment and risk reduction design — Risk assessment and risk 
reduction 


The technical committee has reviewed the provisions of the following International Standards referred 
in this adopted standard and has decided that they are acceptable for use in conjunction with this 


standard: 


International Standard 
ISO 2631-1 : 1997/ Amd 1 : 2010 


Title 


Mechanical vibration and shock — Evaluation of human exposure 


to whole-body vibration — Part 1: General requirements; 
Amendment 1 


ISO 13090-1 : 1998 


Mechanical vibration and shock — Guidance on safety aspects 


of tests and experiments with people — Part 1: Exposure to 
whole-body mechanical vibration and repeated shock 


(Continued on third cover) 
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Introduction 


This document is a type-C standard as stated in ISO 12100. 


This document is of relevance, in particular, for the following stakeholder groups representing the 
market players with regard to machinery safety: 


— machine manufacturers (small, medium and large enterprises); 
— health and safety bodies (regulators, accident prevention organisations, market surveillance etc.) 


Others can be affected by the level of machinery safety achieved with the means of the document by the 
above-mentioned stakeholder groups: 


— machine users/employers (small, medium and large enterprises); 

— machine users/employees (e.g. trade unions, organizations for people with special needs); 
— service providers, e. g. for maintenance (small, medium and large enterprises); 

— consumers (in case of machinery intended for use by consumers). 


The above-mentioned stakeholder groups have been given the possibility to participate at the drafting 
process of this document. 


The machinery concerned and the extent to which hazards, hazardous situations or hazardous events 
are covered are indicated in the Scope of this document. 


When requirements of this type-C standard are different from those which are stated in type-A or 
type-B standards, the requirements of this type-C standard take precedence over the requirements of 
the other standards for machines that have been designed and built according to the requirements of 
this type-C standard. 


The operators of earth-moving machinery are often exposed to a low frequency vibration environment 
partly caused by the movement of the machines over uneven ground and the tasks carried out. The seat 
constitutes the last stage of suspension before the operator. To be efficient at attenuating the vibration, 
the suspension seat should be chosen according to the dynamic characteristics of the machine. The 
design of the seat and its suspension are a compromise between the requirements of reducing the effect 
of vibration and shock on the operator and providing him with stable support so that he can control the 
machine effectively. 


Thus, seat vibration attenuation is a compromise of a number of factors and the selection of seat 
vibration parameters needs to be taken in context with the other requirements for the seat. 


The performance criteria provided in this document have been set in accordance with what is attainable 
using what is at present the best design practice. They do not necessarily ensure the complete protection 
of the operator against the effects of vibration and shock. They could be revised in the light of future 
developments and improvements in suspension design. 


The test inputs included in this document are based on a very large number of measurements taken in 
situ on earth-moving machinery used under severe but typical operating conditions. The test methods 
are based on ISO 10326-1:2016, which is a general method applicable to seats for different types of 
machines. 
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Indian Standard 


EARTH-MOVING MACHINERY — LABORATORY 
EVALUATION OF OPERATOR SEAT VIBRATION 


( First Revision ) 
1 Scope 


1.1 This document specifies, in accordance with ISO 10326-1:2016, a laboratory method for measuring 
and evaluating the effectiveness of the seat suspension in reducing the vertical whole-body vibration 
transmitted to the operator of earth-moving machines at frequencies between 1 Hz and 20 Hz. It also 
specifies acceptance criteria for application to seats on different machines. 


1.2 This document is applicable to operator seats used on earth-moving machines as defined in 
ISO 6165. 


1.3 This document defines the input spectral classes required for the following earth-moving machines. 
Each class defines a group of machines having similar vibration characteristics: 


— rigid-frame dumpers >4 500 kg operating mass; 
— articulated-frame dumpers; 

— scrapers without axle or frame suspension); 

— wheeled loaders >4 500 kg operating mass; 

— graders; 

— wheeled dozers; 

— soil compactors; 

— backhoe loaders; 

— crawler dumpers; 

— crawler loaders; 

— crawler-dozers <50 000 kg operating mass”); 
— compact dumpers <4 500 kg operating mass; 

— wheeled compact loaders <4 500 kg operating mass; 


—  skid-steer loaders, wheeled <4 500 kg and tracked <6 000 kg operating mass. 


1.4 The following machines impart sufficiently low vertical vibration inputs at frequencies between 
1 Hz and 20 Hz to the seat during operation that these seats do not require suspension for the attenuation 
of transmitted vibration: 


— excavators, including walking excavators and cable excavators); 


1) For scrapers with suspension, either a seat with no suspension can be used, or one having a suspension 
with high damping. 
2) For crawler dozers greater than 50 000 kg, the seat performance requirements are suitably provided by a 


cushion type seat. 


3) For excavators, the predominant vibration is generally in the fore and aft (X) axis. 
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— trenchers; 

— landfill compactors; 

— non-vibratory rollers, except soil compactors; 
— vibratory rollers, except soil compactors; 

— pipelayers; 


— horizontal directional drills (HDD). 


1.5 The tests and criteria defined in this document are intended for operator seats used in earth- 
moving machines of conventional design. 


NOTE Other tests can be appropriate for machines with design features that result in significantly different 
vibration characteristics. 


1.6 Vibration which reaches the operator other than through the seat, for example that sensed by the 
operator’s feet on the platform or control pedals or by the operator’s hands on the steering-wheel, is not 
covered. 


2 Normative references 


The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any amendments) applies. 


ISO 2041:2018, Mechanical vibration, shock and condition monitoring — Vocabulary 


ISO 2631-1:1997/Amd 1:2010, Mechanical vibration and shock — Evaluation of human exposure to whole- 
body vibration — Part 1: General requirements; Amendment 1 


ISO 8041-1:2017, Human response to vibration — Measuring instrumentation — Part 1: General purpose 
vibration meters 


ISO 10326-1:2016, Mechanical vibration — Laboratory method for evaluating vehicle seat vibration — 
Part 1: Basic requirements 


ISO 12100:2010, Safety of machinery — General principles for design — Risk assessment and risk reduction 


ISO 13090-1:1998, Mechanical vibration and shock — Guidance on safety aspects of tests and experiments 
with people — Part 1: Exposure to whole-body mechanical vibration and repeated shock 


3 Terms, definitions, symbols and abbreviated terms 


3.1 Terms and definitions 


For the purposes of this document, the terms and definitions given in ISO 12100, ISO 2041 and the 
following apply. 


ISO and JEC maintain terminological databases for use in standardization at the following addresses: 


— ISO Online browsing platform: available at https://www.iso.org/obp. 
— IEC Electropedia: available at http://www.electropedia.org/. 


3.1.1 
whole-body vibration 
vibration transmitted to the body as a whole through the buttocks of a seated operator 
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3.1.2 

input spectral class 

ride vibration characteristics at the seat attachment point for machines, grouped by virtue of various 
vibration characteristics 


3.1.3 

operating mass 

mass of the base machine, with equipment and empty attachment in the most usual configuration as 
specified by the manufacturer, and with the operator (75 kg), full fuel tank and all fluid systems (i.e. 
hydraulic oil, transmission oil, engine oil, engine coolant) at the levels specified by the manufacturer 
and, when applicable, with sprinkler water tank(s) half full 


[SOURCE: ISO 6016:2008, 3.2.1, modified — Notes 1 and 2 to entry have been deleted.] 


3.1.4 

operator seat 

portion of the machine provided for the purpose of supporting the buttocks and back of the seated 
operator, including any suspension system and other mechanisms provided (for example, for adjusting 
the seat position) 


3.1.5 
active and semi-active suspension systems 
seat suspension system with a control system that changes seat suspension performance automatically 


3.1.6 
frequency analysis 
process of arriving at a quantitative description of a vibration amplitude as a function of frequency 


3.1.7 
measuring period 
time duration in which vibration data for analysis is obtained 


3.2 Symbols and abbreviated terms 


ap(f,) Unweighted rms value of the measured vertical acceleration at the platform at the 
resonance frequency 


a*p12, A" p34 Unweighted rms value of the target vertical acceleration at the platform under the 
seat (see Figure 3) between frequencies f, and fz, or fz and få 


Api 2» Ap34 Unweighted rms value of the measured vertical acceleration at the platform between 
frequencies f,and fz, or fz and f4 


asU;) Unweighted rms value of the measured vertical acceleration at the seat disk at the 
resonance frequency 


a* p12, Q“ wp34 Weighted rms value of the target vertical acceleration at the platform between 
frequencies f, and fz, or fz and f4 


awP12 Weighted rms value of the measured vertical acceleration at the platform between 
frequencies f} and f, 


aws12 Weighted rms value of the measured vertical acceleration at the seat disk (see 
Figure 3) between frequencies f} and f, 


B Resolution bandwidth, in hertz 
Frequency, in hertz 


i Frequency at resonance 
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Gp(f) Measured PSD of the vertical vibration at the platform (seat base) 

G*>(f) Target PSD of the vertical vibration at the platform (seat base) 

GPL UN Lower limit for the measured PSD ofthe vertical vibration at the platform (seat base) 

GU) Upper limit for the measured PSD of the vertical vibration at the platform (seat base) 

H(f,) Transmissibility at resonance 

PSD Power Spectral Density, expressed as acceleration squared per unit bandwidth 
(m/s?)?/Hz 

rms root mean square 

SEAT Seat Effective Amplitude Transmissibility 

Le Sampling time, in seconds 

4 General 


4.1 Machinery shall comply with the safety requirements and/or protective/risk reduction measures 
of this clause. In addition, the machine shall be designed according to the principles of ISO 12100:2010 
for relevant but not significant hazards which are not dealt with by this document. 


4.2 The laboratory-simulated machine vertical vibration, specified as input spectral class, is based 
on representative measured data from machines in severe but typical working conditions. The input 
spectral class is a representative envelope for the machines within the class, as measured under severe 
conditions. 


4.3 Two criteria are used for the evaluation of seat: 


a) the Seat Effective Amplitude Transmissibility (SEAT) factor according to ISO 10326-1:2016, 10.2, 
but with frequency weighting according to ISO 2631-1:1997/Amd 1:2010; 


b) the maximum transmissibility ratio in the damping test according to ISO 10326-1:2016, 10.2. 


4.4 The measuring equipment shall be in accordance with ISO 8041-1:2017 (type 1 instrument) and 
ISO 10326-1:2016, Clauses 4 and 5. The frequency weighting shall include the effects of the band limiting 
filters, and be in accordance with ISO 2631-1:1997/Amd 1:2010. 


4.5 Safety precautions shall be in accordance with ISO 13090-1:1998. 


Any compliant end-stops or devices normally fitted to production versions of the seat to be tested to 
minimise the effect of suspension overtravel shall be in place for the dynamic tests. 


5 Test conditions and test procedure 


5.1 General 


The test conditions and test procedure shall be in accordance with ISO 10326-1:2016, Clauses 8 and 10. 
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5.2 Simulation of vibration 


A platform, the dimensions of which correspond approximately to those of the operator's platform of an 
earth-moving machine, shall be mounted on a vibrator which is capable of generating vibration along 
the vertical axis (see Figure 1). 


In the case of classes EM 1 and EM 2 the vibrator should be capable of simulating sinusoidal vibration 
having a displacement amplitude of at least +7,5 cm at a frequency of 2 Hz; see 5.5.1. 


5.3 Test seat 


5.3.1 General 


The operator seat for the test shall be representative of series-produced models, with regard to 
construction, static and vibration characteristics and other features which can affect the vibration 
test result. 


5.3.2 Run-in 


Before the test, the suspension seats shall be run-in under conditions stipulated by the manufacturer. 
If the manufacturer does not state such conditions, then the seat shall be run-in for 5 000 cycles, with 
measurements at 1 000 cycle intervals. 


For this purpose, the seat shall be loaded with an inert mass of 75 kg and adjusted to the mass in 
accordance with the manufacturer's instructions. The seat and suspension shall be mounted on the 
platform of a vibrator, and a sinusoidal input vibration shall be applied to the platform at approximately 
the suspension natural frequency. This input vibration shall have a peak to peak displacement sufficient 
to cause movement of the seat suspension over approximately 75 % of its stroke. A platform peak to 
peak displacement of approximately 40 % of the seat suspension stroke is likely to achieve this. Care 
should be taken to ensure against overheating of the suspension damper during the running-in, for 
which forced cooling is acceptable. 


The seat shall be considered to have been run-in if the value for the vertical transmissibility remains 
within a tolerance of +5 % when three successive measurements are performed under the condition 
described above. The time interval between two measurements shall be half an hour, or 1 000 cycles 
(whichever is less), with the seat being constantly run-in. 


5.3.3 Seat adjustment 


The seat shall be adjusted to the weight of the test person in accordance with the manufacturer's 
instructions. 


With seats where the suspension stroke available is unaffected by the adjustment for seat height or 
test person weight, testing shall be performed with the seat adjusted to the centre of the stroke. 


With seats where the suspension stroke available is affected by the adjustment of the seat height or by 
test person weight, testing shall be performed in the lowest position which provides the full working 
suspension stroke as specified by the seat manufacturer. 


When the inclination of the backrest is adjustable, it shall be set approximately upright, inclined slightly 
backwards (approximately 10° + 5°). 


5.4 Test person and posture 
The posture of the test person during the testing shall be in accordance with Figure 1. 


NOTE1 See ISO 10326-1:2016, 8.2. 
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NOTE2 The differences in the posture of the test person can cause a 10 % difference between test results. For 
this reason, recommended angles of knees and ankles have been specified in Figure 1. 


The simulated input vibration test shall be performed with two persons. The light person shall have a 
total mass of 52 kg to 55 kg, of which not more than 5 kg may be carried in a belt around the waist. The 
heavy person shall have a total mass of 110 kg to 115 kg, of which not more than 12 kg may be carried 
in a belt around the waist. 


5.5 Input vibration 


5.5.1 Simulated input vibration test to evaluate the SEAT factor 


This document specifies the input vibration in nine input spectral classes (EM 1 through EM 9) for 
earth-moving machinery for the purpose of determining the SEAT factor. 


In accordance with ISO 10326-1:2016, 10.2.2, the SEAT factor is defined as 


SEAT = aws12 / Awp12 


The simulated input vibration used to determine the SEAT factor is defined in accordance with 
ISO 10326-1:2016, 9.2, but the frequency weighting shall be in accordance with ISO 2631-1:1997/Amd 
1:2010. The test input for each class is defined by a power spectral density, G*p(f), of the vertical (Z 
axis) acceleration of the vibrating platform, and by the unweighted rms vertical accelerations on that 
platform (a*p; », 4*p34). 


The vibration characteristics for each input spectral class EM 1 through EM 9 are shown in Figures 2 
through 10, respectively. Formulae for the acceleration power spectral density curves of Figures 2 to 10 
are included in Table 2. The curves defined by these equations are the target values to be produced at 
the base of the seat for the simulated input vibration test of 5.6.2. 


The input vibration shall be determined (calculated) without components at frequencies outside the 
frequency range defined by f} and fz. 


Table 4 further defines the test input values for the actual test input PSD at the base of the seat. 


Three tests shall be performed for each test person and each input vibration in accordance with 
ISO 10326-1:2016, Clause 10. The effective duration of each test shall be at least 180 s. 


If none of the SEAT factor values relating to one particular test configuration deviate by more than 
+5 % from the arithmetic mean, then, in terms of repeatability, the three tests mentioned above shall be 
deemed to be valid. If this is not the case, as many series of three tests as are necessary to satisfy this 
requirement shall be carried out. 


The sampling time T, and resolution bandwidth B, shall satisfy the following: 


2 x B, x T, > 140 
B, < 0,5 Hz 


NOTE1  ClassEM7isalso used to test agricultural wheeled tractor seats for class I tractor (see ISO 5007:2003). 
NOTE2 Any means, including double integrators, analog signal generators and filters, and digital signal 


generators with digital-to-analog converters, can be used to produce the required PSD and rms characteristics at 
the base of the seat for the simulated input vibration test. 


5.5.2 Damping test 


The damping test is comprised of two steps: the first is a search to determine the resonant frequency of 
the suspension; the second determines the transmissibility of the suspension at that frequency. 
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The seat shall be loaded with an inert mass of 75 kg and then excited by a sinusoidal vibration in the range 
from 0,5 to 2 times the expected resonance frequency of the suspension. The inert mass shall, if necessary, 
be secured to the seat in order to prevent the mass from moving on the seat or from falling off it. 


Bags filled with lead shot or other material with similar density should be used as inert mass. 


To determine the resonance frequency, the frequency range shall be investigated with either a linear 
frequency sweep or in maximum steps of 0,05 Hz. With either method, the frequency should be varied 
from a lower frequency (equal to 0,5 times the expected resonance of the suspension) to an upper 
frequency (equal to 2 times the expected resonance frequency of the suspension) and back again to the 
lower frequency. The frequency sweeping shall be made over a duration of at least 80 s at a constant 
peak to peak displacement of the platform that is equal to 40 % of the total suspension travel (stroke) 
specified by the seat manufacturer, or 50 mm, whichever is the smaller. 


The damping test and the calculation of the transmissibility H(f,) at resonance shall be performed 
according to ISO 10326-1:2016, 9.5. In all cases, the damping test itself at the resonance frequency shall 
be carried out with a peak to peak displacement of the platform of 40 % of the total suspension travel 
even if the 40 % value exceeds 50 mm. 


Only one measurement needs to be carried out at the resonance frequency of the seat's suspension. 


5.5.3 Damping test for active and semi-active suspension systems 


For active and semi-active suspension systems, the simulated input vibration test shall be performed 
as for passive systems. The damping test shall be performed at the frequency of highest response in 
the range of (0,1 to 10) Hz. The frequency of highest response can be different than the suspension's 
resonant frequency. 


5.6 Tolerances on input vibration 


5.6.1 General 
See in ISO 10326-1:2016, 9.3. 


The input excitation for the seat as defined in 5.5.1 can only be created on a simulator in an approximate 
manner. In order to be valid the test input shall comply with the following requirements. 


5.6.2 Distribution function 


Under the condition that the acceleration on the platform shall be sampled at a minimum of 50 data 
points per second and analyzed into amplitude cells of not greater than 20 % of the total true rms 
acceleration, the probability density function must be within +20 % of the ideal Gaussian function 
between +200 % of the total true rms acceleration, and with no data exceeding +350 % of the total 
true rms acceleration. For the purposes of this requirement, the total true rms acceleration is a*p,, as 
defined in Table 4. 


5.6.3 Power spectral density and rms values 


The power spectral density of the acceleration measured on the platform is considered to be 
representative of G*p(f) if, and only if: 


a) forf,<f<f, 
GUN < GUN < C*yUN) 
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where 


Gl)  =G”p(f) -0,1 x max[G*p(/)] 
if {G* (f) - 0,1 x max[G*,(/)]} > 0 
Gp) =0 
if {G*p(/) - 0,1 x max[G*p(/)]} < 0 
G*pylf) = G*p(f) + 0,1 x max[G*,(/)] 
b) 0,95 x a*pi7 € ap12 < 1,05 x a* p42 
c) 0,95 x a*p34 € Ap34< 1,05 x a* p34 


The tolerances on Gp(f) are illustrated in Figures 2 through 10. The shape of G*p(f) is defined by values 
and filters as set down in Table 2. The values for fi, fo, f3, fy max[G*p(f)], a*p, , and a*p3, are shown in 
Table 4. 


6 Acceptance values 


6.1 SEAT factor 


The seat specified for a particular input spectral class shall meet the SEAT factors given in Table 1: 


Table 1 — SEAT factors by input spectral class 


Input spectral class SEAT factors 


EM 1 <1,1 
<0,9 


NOTE Good seats cause a slight increase of vibration at the low frequency range, whereas vibration in the 
higher frequency range, depending on the suspension system, are significantly reduced. The test PSD for the 
input spectral classes EM 1 and EM 4 are limited to the low frequency range. The low frequency range is of 
importance because of the shock loads which require good damping performance. This results in SEAT factors 
close to and slightly above 1 when performing the seat test. 


6.2 Damping performance 

The transmissibility H(f,) = as({,)/ap({,) at resonance along the vertical axis shall be less than: 
— 1,5 for input spectral classes EM 1, EM 2, EM 3, EM 4and EM 6, 

— 2,0 for input spectral classes EM 5, EM 7, EM 8 and EM 9. 


IS/ISO 7096 : 2020 


7 Seat identification 


The seat shall be identified by a permanent mark at a clearly visible location. The mark shall include the 
following information: 


— manufacturer’s name or logo-type; 
— type denomination (e.g. part number); 


— inputspectral class (or classes) (e.g. EM 1, EM 2 etc.) followed by the text: "according to ISO 7096:2020". 


8 Information for use 


8.1 General 


For information to be provided to the user, the content of this clause, together with ISO 12100:2010, 6.4, 
shall apply. 


8.2 Test report 


The test report shall contain all the information necessary to understand, interpret and use the results 
arising from the application of this document. 


The results shall be compared with the acceptance criteria for a seat and recorded in the report forms 
given in Tables 5 and 6. 


The test report should contain the following: 
a) name and address of seat manufacturer; 
b) model of seat, product and serial number; 
c) date of test; 
d) details of running-in; 
e) type of measuring disc used: semi-rigid, rigid; 
f) input spectral vibration class; 
g) vibration transmission to the persons with the simulated input vibration test: 
— platform vibration awp12; 
— seat disk vibration aws12; 
— test person mass, in kilograms; 
— SEAT factor; 
h) calculated transmissibility at the resonance and the resonance frequency; 
i) the name of the person responsible for the test; 
j) identification of test laboratory; 


k) location of marking (see Clause 7). 
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Table 2 — Definition of input spectral classes 


Spectral class of input vibrations Gs) 


2,20 (HP24)? (LP24)2 
2,72 (HP24)? (LP24)2 
1,60 (HP24)? (LP24)? 
0,60 (HP24)? (LP24)2 
1,11 (HP24)? (LP6)2 
0,79 (HP12)? (LP12)2 
9,25 (HP48)? (LP48)2 
1,45 (HP24)? (LP12)? 
2,10 (HP24)? (LP12)2 


a 


Z | Z| Z| Z| X|X 
oluje fwli = 


(LP6) = 1/(1 +5) 

(LP12) = 1/(1 + 1,4145 + S2) 

(LP24) = 1/(1 + 2,6135 + 3,4145? + 2,61353 + S4) 

(LP48) = 1/(1 + 5,1268 + 13,137S2 + 21,84653 + 25,68854 + 21,84655 + 13,1375 + 5,12657 + S8) 
(HP12) = S2/(1 + 1,4145 + S2) 

(HP24) = S4/(1 + 2,6135 + 3,4145? + 2,61353 + S4) 

(HP48) = S8 /(1 + 5,1265 + 13,137S2 + 21,8465? + 25,6885* + 21,84655 + 13,137S6 + 5,12657 + S8) 
where: S=jf/foj =V- 1; f= frequency, in hertz. 


fe = Filter cut-off frequency, in hertz, as given in Table 3. 


NOTE HP and LP designate high-pass and low-pass filters of the Butterworth type. 


Table 3 — Filter cut-off frequencies 


Filter cut-off frequencies, f., Hz 


Input spectral class Filter designations 

(LP12) (LP24) (LP48) (HP12) (HP24) (HP48) 
M1 

M 2, EM 3, EM 4 
M5 

M6 

M7 

M8 

M9 


NOTE HP and LP designate high-pass and low-pass filters of the Butterworth type. The subordinated numbers state the filter 
slope in decibels per octave. The table above completely defines band pass filters in terms of cut-off frequencies and slopes. 
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Table 4 — Characteristics of the simulated input vibration for different types of machines 


Type of machine 


Articulated- or 
rigid- frame 
dumper 

>4 500 kgå 


Input 
spectral 
class 


Target 
PSD of 
vertical 
vibra- 
tion 
at the 
plat- 
form 


PU) 
(m/s?)?/ 


Hz max. 


Frequency range f; to fz 


Frequency range f3 to f4 


F and f, 


Unweighted 
target rms 
acceleration 
on the plat- 
form a*p12 


m/s? 


Weighted 
target 
rms ac- 

celeration 
on the 

platform 


* 
A wP12 


m/s? 


fz and fy 


Unweight- 
ed target 
rms ac- 
celeration 
on the 
platform 


* 
A P34 


m/s? 


Weighted 
target rms 
accelera- 
tion on the 
platform 


* 
a" wP34 


m/s? 


Scraper without 
axis or frame sus- 


Wheeled dozer, 
Soil compactor, 
Backhoe loader 


Crawler dumper, 
Crawler loader, 
Crawler dozer‘ 
<50 000 kg2 


Compact dumper 
<4 500 kg? 


Compact loader 
<4 500 kg? 


Skid steer 


and tracked 
<6 000 kga 


NOTE The above values were calculated using f= 0,001 Hz and the complex analytical functions (with band limiting) given 
in ISO 2631-1:1997/Amd 1:2010, Annex D. The use of other f values and/or the approximate equations can give slightly 


different values. 


a Operating mass. 


b Forscrapers with suspension, either a seat with no suspension or having a suspension with high damping, may be used. 


¢ For crawler dozers greater than 50 000 kg, the seat performance requirements are suitably provided by a cushion 


type seat. 
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Qo 
HNG 
Cyn 

yy all 
LK Yl, 
7 
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1 seat backrest 

2 seat pan 

3 accelerometer disc on the seat pan (S) 

4 seat suspension 

5 platform 

6 accelerometer on the platform (P) 

7 base of the seat 


Figure 1 — Posture of the test person 
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Figure 2 — PSD for input spectral class EM 1 (articulated- or rigid-frame dumper >4 500 kg) 
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Figure 3 — PSD for input spectral class EM 2 (scraper without axle or frame suspension) 


14 


Key 
X 
Y 


IS/ISO 7096 : 2020 


Y 
3 
2,5 
2 
1,5 7 SN 
1/7. 
| NAN 
1 fi MM 
| il ANN if2 
| | KANN | 
| Å | 
0,5 < | 
JI \ Ñ | 
Na 
a a ee A = 
0 
0 2 4 6 8 10 12 


frequency, Hz 
PSD, (m/s2)2/Hz 


Figure 4 — PSD for input spectral class EM 3 (wheeled loader > 4 500 kg) 
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Figure 5 — PSD for input spectral class EM 4 (grader) 
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Figure 6 — PSD for input spectral class EM 5 [wheeled dozer, soil compactor, backhoe loader] 
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Figure 7 — PSD for input spectral class EM 6 (crawler dumper, crawler dozer, crawler loader 
<50 000 kg) 
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Figure 8 — PSD for input spectral class EM 7 (compact dumper <4 500 kg) 
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Figure 9 — PSD for input spectral class EM 8 (compact loader <4 500 kg) 
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Figure 10 — PSD for input spectral class EM 9 (skid steer loader, wheeled <4 500 kg and tracked 
<6 000 kg) 
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Table 5 — Report form for the simulated input vibration test to evaluate the SEAT factor 
(vertical axis) 


Seat ON GOS Ce 5 rn td dad 


Input spectral class? iii diaria 


Designation 


Light operator 1st test 


2nd test 


3rd test 


Arithmetic mean value 


1st test 


2nd test 


3rd test 


Arithmetic mean value 


SEAT for input spectral class ... is fulfilled: Yes / No 


Table 6 — Report form for the evaluation of the calculated transmissibility H(f,) (damping test, 
vertical axis) 


Seat ON testa iia ión ai 


H(f,) = asf-)/ar 


Calculated transmissibility H(f,), less than 


Input spectral class 


1,5 


2,0 


EM 1, EM 2, EM 3, EM 4, EM 6 
EM 5, EM 7, EM 8, EM9 


NOTE The test report can be improved by including the graph of the transfer function. 
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For the purpose of deciding whether a particular requirement of this standard is complied with the 
final value, observed or calculated, expressing the result of a test or analysis shall be rounded off 
in accordance with IS 2 : 1960 ‘Rules for rounding off numerical values ( revised y. The number of 
significant places retained in the rounded off value should be the same as that of the specified value in 
this standard. 
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